Abstract
Introduction
In the last years Radiofrequency Identification (RFID) technology has been widely implemented in a variety of applications such logistics, supply chain management system and shop security [1] ; hence RFID technology tends to replace the old techniques such barcode and smart cards [2] . Generally, an RFID system is based on two main components : a reader and a transponder (tag). The RFID reader transmits the RF power with an interrogating signal using the antenna to the tag and switch to the receiving mode in order to capture the backscattered signal from the tag, this signal contains the data stored in the microchip integrated in the tag. Diverse frequency bands have been allocated for the RFID technology. The Lowfrequency (LF, 125-134 kHz) and high-frequency (HF, 13.56 MHz) which provide short reading ranges and low data rate. RFID systems operate at 860-960 MHz for Ultra-high frequency band and at 2.4-5.8 GHz for microwave band offering good capabilities in term of high data rate and long reading range [3] [4] . To meet this requirements, the antenna as one of the sensitive components in the RFID reader that affect the performance of whole RFID system [5] [6] has been paid a great attention especially for applications involving RFID handheld reader. In order TELKOMNIKA ISSN: 1693-6930  to provide small and compact wireless devices the requirements for small antenna capable of easily integration while providing good performances become an important criteria, hence microstrip patch antennas are considered a good choice for this kind of applications [7] [8] [9] . Several printed antennas were designed for dual band RFID applications [10] [11] [12] [13] [14] .The dipole antenna presented in [17] with a total size of 30×59.5 mm 2 is based on a modified Koch Fractal geometry in order to achieve the dual frequency operation. The main drawbacks of these antennas are principally their no compact structure and the complications in fabrication process.
In this work, a new design of a compact dual-band slot antenna is discused. The design consideration for the achievement of the rectangular slot antenna in the desired dual-band frequency bands permits to obtain a significant size reduction of 50% compared to a conventional patch antenna. The next sections present the details of the design considerations for achieving dual-band antenna along with both simulated and experimental results.
Antenna Design
The geometry of the proposed antenna is shown in Figure 2 . The antenna is mounted on a low cost FR4_epoxy substrate with a relative permittivity of 4.4. The thickness of the substrate is H=1.6 mm and total area of 48×47 mm 2 . The structure is excited using a microstrip feed line capable of increasing the bandwidth and gain. The design procedure of the initial geometry of the proposed antenna based on the basic rectangular patch as shown in Figure 2 is derived from the theoritical equations discussed in [18] . The first slot length L T1 (L 3 +L 4 =21.5 mm) corresponds to about 0.24 wavelength at fr=2.45Ghz and the second slot length L T2 (L 1 +L 2 =33.5 mm) corresponds to about 0.12 wavelength at fr=0.915Ghz. The final parameters of the optimized structure are listed in the Table 1 . 
Simulation Results and Discussion
The study of the performances of the proposed antenna was carried out by using CST simulation software, this simulation tool implement a numerical analyse methode based on the Finite Integration Technique [19] . In order to validate the simulation results obtained with CST-MW, a second study based on ADS software "Advanced Design System" with the claculation Method of Moment (MoM) [20] was conducted. The obtained simulated return loss is presented in Figure 3 . According to this result, we can deduce that the results from the two solvers are in a good agreement with a small difference which is due to the different numerical methods used in these electromagnetic solvers. As can be seen from Figure 4 , the center resonance frequency of the first band decreases with the increase of L 1 and the first band remain constant. Figure 5 illustrates the simulated reflection coefficient curves with varied L 4 . It is clear that when L4 increases, the center frequency of the second band decreases whereas the first band knows a slight shift. According to this analysis, the two desired frequency bands can be tuned independently by modifying the values of the lengths of the slots inserted in the patch, respectively. The current distributions of the proposed antenna for the two resonant frequency bands are illustrated in Figure 6 . We can clearly notice that the surface current distributions at these two frequencies are not similar. When the first resonant frequency is at 0.915 GHz as shown in Figure 6 .a, most of the surface current is concentrated near the longest slot. As indicated in Figure 6 .b, the surface current distribution becomes more condensed on the short slot of the rectangular patch and it is also concentrated along the feed line at 2.45 GHz. The Figure 7 presents the antenna 2D radiation pattern in the plane E, which is shown that the antenna is slightly directional in the low and high frequency bands, this result is explained by the effect of the ground plane acting as a reflector. The antenna 2D radiation pattern in the plane H is given by Figure 8 , which is shown that the antenna is bidirectional in the high frequency 2.45 GHz. The calculation of the directivity is about 2.22 dBi and 6.16 dBi (Simulation gain) at 0.915 GHz and 2.45 GHz respectively. 
Achievement and Measurement
In this section, the fabrication of the prototype of the investigated antenna was carried out using the LPKF machine, which permits to validate the optimized structure. The result of the measurement of return loss is obtained using Vectorial Network Analyzer (VNA) PNA-X from Agilent Technologies. Figure 9 gives the picture of the fabricated dual band antenna. 
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The Figure 10 shows the kit of calibration of 3.5 mm used to take into consideration the losses in the different transitions, this kit is composed from Open, Short and Load components. The measured return loss for the achieved antenna obtained after the calibration is shown in the Figure 11 along with the simulations results on ADS and CST. Figure 10 . Calibration Kit 3.5 mm Figure 11 . Measured reflection coefficient compared to that obtained in simulation
We notice that there is a good concordance between simulation and measurement results of the return loss. The slight difference noticed between the measured and simulated results is mainly due to the fabrication constraints such as the effect of soldering at SMA connector and variation of dielectric permittivity, dissipation factor at high frequencies.
From the measured reflection coefficient curve we deduce that the antenna exhibits a 10 dB return loss bandwidth of 100 MHz (2.4-2.5 GHz) at 2.45 GHz and an impedance bandwidth of 28MHz (0.900-0.928 GHz) at 0.915 GHz. The Figure 12 shows the antenna under test in anechoic chamber used for the measurement of the radiation patterns. To highlight the interesting performances of the designed antenna in term of size, resonance frequency and gain, we have conducted a comparative study of our propsed antenna with similar antennas presented in bibliography and the results are reported in the Table 2 . It is clear from this table that the proposed work exhibits good features appropriate for dual-band RFID applications. 
Conclusion
In this paper, we proposed a new dual-band and miniature microstrip antenna for RFID reader based on the slot technique. The differents steps for optimizing the antenna were carried out using CST Microwave Studio solver and ADS. The simulated and experimental results are in good agreement. The structure is validated in two frequency bands (900-928 MHz) and (2.4-2.5 GHz), which cover the RFID Operating Frequency at UHF and Microwave RFID bands. The proposed structure exhibit good performances in terms of compactness and ease of fabrication which makes it very attractive for wireless applications especially for current RFID applications.
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